Evolutionary relationships in the velvet worm species, Peripatopsis overbergiensis, were examined in 3 forest areas in the Overberg region of South Africa to explore the impact of historical habitat fragmentation on the population genetic structure of the species. We collected 84 P. overbergiensis specimens from Grootvadersbosch, Koppie Alleen, and Marloth Nature Reserves and sequenced all these specimens for the cytochrome c oxidase subunit I (COI) locus, whereas a subset of 13 specimens were also sequenced for the 18S rRNA locus. Phylogenetic analyses of the 20 unique COI haplotypes revealed 4 genetically distinct clades, a result that is corroborated by the haplotype network. A hierarchical analysis of genetic variation was performed on the COI haplotype data within the 2 large forested areas, Grootvadersbosch and Marloth Nature Reserves, and across all 3 of the sample localities. These results revealed low haplotypic and nucleotide diversity within the largest Grootvadersbosch Nature Reserve forest and high haplotypic and nucleotide diversity within the fragmented Marloth Nature Reserve forest, whereas Koppie Alleen had the lowest haplotypic and nucleotide diversity. Across all 3 main localities statistically significant F ST values were found, together with the absence of shared haplotypes indicating the absence of maternal gene flow. Divergence time estimations based on the 20 COI haplotypes calculated in BEAST suggest a Pleistocene/Holocene divergence between the 4 clades as a result of habitat fragmentation and the aridification of the region. Our results indicate that conservation efforts should also prioritize linked, smaller fragmented habitats together with continuous habitats to maximize the genetic diversity of saproxylic fauna.
. Consequently, forests are often referred to as being archipelago-like in their distribution. Numerous forest dwelling species are narrow range endemics and characterized by specific habitat requirements, rendering them vulnerable to localized extinctions, particularly in the face of climatic shifts (Anderson 1994; Williams and Pearson 1997) , an effect often observed in fragmented populations (Frankham 1997; Frankham 1998; Whittaker 1998) . Invertebrate diversity in forest areas appears to be particularly high, specifically among taxa that require stable microclimatic environments, exhibit low vagility and are highly sensitive to dehydration, such as saproxylic taxa (Garrick et al. 2008; Daniels 2011) . Saproxylic invertebrates confined to decaying environments (leaf litter and decaying logs of wood) are generally localized and characterized by high species diversity and endemism (Daniels and Ruhberg 2010) . In South Africa, studies of saproxylic organisms within forested areas have historically been neglected. Consequently, the alpha taxonomy of numerous forest dwelling saproxylic taxa have remained unexplored, limiting their potential conservation (Daniels et al. 2009; Sands et al. 2009; Daniels 2011; .
Where recent taxonomic research has been conducted on forest dwelling invertebrates such as springtails (Collembola) and harvestmen (Opiliones) in South Africa, they indicate marked species diversity among these forest taxa (de Bivort and Giribet 2010; Janion et al. 2011; Potapov et al. 2011; Janion et al. 2012; Janion et al. 2013) . Similarly, 1 saproxylic faunal group that has recently received taxonomic study is the velvet worm fauna of South Africa (Daniels et al. 2009; Daniels and Ruhberg 2010; Daniels 2011; Daniels et al. 2013) . Historically, 9 species of Peripatopsis were known from the country (Hamer et al. 1997 ). However, following recent taxonomic endeavors on the genus, 9 additional species have been described, doubling species diversity Daniels et al. 2013; Ruhberg and Daniels 2013 ). These results demonstrate that the hitherto morphological taxonomy has significantly underestimated velvet worm species diversity, whereas the application of molecular systematics in conjunction with scanning electron microscopy (SEM) and gross morphological data revealed marked taxonomic diversity characterized by high levels of localized endemism. Several of the novel species requires IUCN Red listing due to their narrow endemic distribution and low population numbers (Daniels pers. obs.) . Velvet worms are sensitive to the effects of habitat fragmentation and, as soft-bodied invertebrates, they are prone to rapid desiccation (Weldon et al. 2013 ). Consequently, they are limited in their ability to traverse xeric habitat corridors between forest patches, suggesting that adjacent forest patches harbor genetically discrete populations. Phylogeographic studies on velvet worms have generally reported marked genetic differentiation at small spatial scales (Daniels et al. 2009; Daniels 2011; ). The phylogenetic distinctiveness and antiquity of velvet worms together with their narrow endemism make them ideal organisms to act as umbrella species in forest habitat conservation.
One of the recently described velvet worm species, P. overbergiensis, inhabits allopatric forest patches along the southern Afrotemperate Langeberg Mountains and the adjacent coastal region in the southeastern part of the Western Cape province of South Africa . These include the Grootvadersbosch/ Boosmansbos, Marloth, and Koppie Alleen Nature Reserves. The Grootvadersbosch region represents the largest continuous patch of southern Afrotemperate forest in the Western Cape interior, and covers an area of 25 ha (CapeNature 2013) . This region lies in the transitional zone between the winter and all-year rainfall regions, and has an annual rainfall of roughly 1050 mm (CapeNature 2013). Areas which were previously deforested by logging between the years of 1896 to 1913, were subsequently planted with exotic species of tree (such as Cinnamomum camphora, Acacia melanoxylon, Eucalyptus longlifolia, Fraxinus sp., Sequoia sempervirens, and Quercus robur). Recent efforts have been made to replace these trees with indigenous vegetation (CapeNature 2013). Smaller, more fragmented patches of Afromontane forest, such as at Marloth Nature Reserve in Swellendam, are nestled along the Langeberg Mountains whereas a small patch of forest is present along the coastal margins at Koppie Alleen. The 2 major Langeberg populations are separated by several deep mountain gorges and nonforested areas making widespread dispersal improbable. In addition, the small forest fragment at Koppie Alleen, which represents a very degraded forest habitat, is separated by a low lying xeric corridor that has been transformed by recent agricultural practices and harbors no forests. Hence, dispersal between the 3 major forest patches appears unlikely, suggesting that these velvet worm populations are genetically isolated. Oliveira et al. (2012) postulated that velvet worm populations separated by a distance of 10-30 km harbor cryptic species, however, this hypothesis has not been tested. Limited sample sizes in the earlier study by precluded the exploration of the population genetic structure within, and between, the 3 main clusters where P. overbergiensis occurs. During this study, the level of maternal genetic structure among P. overbergiensis populations was explored at 2 spatial scales, within the Grootvadersbosch and Marloth Nature Reserves, and between all 3 southern Afrotemperate forests (including Koppie Alleen), in an attempt to compare and contrast the levels of genetic diversity in relation to habitat size within saproxylic environments. Our null hypothesis is that the larger forest habitat at Grootvadersbosch Nature Reserve harbors higher levels of genetic diversity due to the fact that the forest can support larger number of velvet worms as it represents the largest continuous patch of southern Afrotemperate forest, with a decline of genetic diversity based on the size and quality of the forest patch size. Furthermore, we hypothesize no recent maternal gene flow between the 3 main forest patches, because velvet worms typically exhibit marked genetic differentiation at low spatial scales due to their limited vagility. Our results are discussed in light of the conservation of the saproxylic forested habitat.
Materials and Methods

Taxon Sampling
During this study, we collected 56 P. overbergiensis specimens from 3 southern Afrotemperate forest patches at Grootvadersbosch, Marloth, and Koppie Alleen Nature Reserves (Figure 1 ; Table 1 ). Within the 2 large forest patches at Grootvadersbosch and Marloth Nature Reserves, we collected specimens at 5 (GVB A-E) and 3 sample localities (Duiwelsbos, Koloniesbos, and Hermitage), respectively. Velvet worms were collected from rotting tree logs in forest patches. The positions of each site were recorded using a handheld global positioning system (Garmin-Trek Summit). Specimens were killed by submergence in absolute ethanol, and stored at 4 °C in a refrigerator, for DNA extraction. All specimens were sequenced for the cytochrome c oxidase subunit I (COI) mtDNA locus and combined with 13 COI sequences generated by Daniels et al. (2009) 
DNA Sequencing
DNA was extracted from a tissue biopsy of the ventral surface of each specimen (with as little damage as possible to diagnostic characters) using a BioFlux DNA extraction kit, following the manufacturers protocol. The extracted DNA was then stored in a refrigerator until it was required for the polymerase chain reaction (PCR). Two gene regions were amplified and sequenced, these included the protein-coding mitochondrial gene, COI, and the 18S rDNA nuclear DNA gene locus. The primer pair LCOI-1490 (5′-GGT CAA CAAA TCA TAAA GAT ATTG-3′) and HCOI-2198 (5′-TAAA CTT CAG GGT GAC CAAA AAA TCA-3′) (Folmer et al. 1994 ) was used to amplify a partial fragment of the COI locus, whereas the primer pair 5F (5′-GCG AAA GCA TTT GCC AAG AA-3′) and 7R (5′-GCA TCA CAG ACC TGT TAT TGC-3′) was used to amplify a partial gene fragment of the 18S locus (Giribet et al. 1996) . Mitochondrial DNA was used due to the relatively high rate of mutation, whereas the 18S rRNA gene fragment was used to explore possible nuclear DNA differences in a subset of specimens. All specimens were sequenced for the COI locus. Due to the relatively low mutation rate of the 18S rRNA marker, a total of 5 specimens were sequenced from both the Marloth and Grootvadersbosch Nature Reserves, whereas 3 specimens were sequenced from Koppie Alleen. Both of these genes have been used extensively in phylogeographic studies of arthropods including the Onychophora (Gleeson et al. 1998; Trewick 2000; Daniels et al. 2009; Daniels and Ruhberg 2010; Daniels et al. 2013) . Only 2 microsatellite libraries have been developed for Australian velvet worms (Sunnucks and Wilson 1999; Sands et al. 2009 ). The South African velvet worm fauna are phylogenetically distantly related to the Australian species, hence we were unable to employ these microsatellite primer pairs (Murienne et al. 2014) .
Polymerase chain reactions (PCRs) were conducted on a GeneAmp PCR System Thermocycler (Applied Biosystems, Foster City, CA). For each PCR, a 25-µL reaction was performed under the following PCR conditions; denatured for 94 °C (4 min); 94 °C (30 s), 42 °C (35 s), 72 °C (35 s) for 34 cycles, with a final extension at 72 °C (10 min) for the COI locus; whereas for the 18S rRNA the annealing temperature was adjusted to 50 °C. This reaction contained 14.9 µL of Millipore water, 3 µL of 25 mM MgCl 2 , 2.5 µL of 10 × Mg 2+ free buffer, 0.5 µL of a 10 mM dNTP solution and 0.5µL of the primer sets at 10 mM, 0.1 unit of Taq polymerase and 1-3 µL of template DNA. PCR products were gel purified in a 1.5% agarose gel and ran for 3 h, where after gel bands were excised and purified using a BioFlux gel purification kit. Standard protocols were used to cycle sequence-purified PCR products, and the sequencing was performed on an ABI 3730 XL automated machine. Phylogenetic Analyses Derived From the COI Data SEQUENCE NAVIGATOR (Applied Biosystems) was used to check for ambiguities and compute a consensus sequence from forward and reverse strands, whereas CLUSTAL X was used to determine the sequence alignment. A haplotype network was constructed for the COI and 18S data sets individually using TCS 1.21 set at 95% confidence (Clement et al. 2000) . Peripatopsis is monophyletic (Daniels et al. 2009 ). The Peripatopsis capensis sensu lato complex, once thought to consist of a single species, has recently been divided into 3 species, and now comprises P. capensis, P. lawrencei, and P. overbergiensis . Hence, the former 2 sister species were used as outgroups. We used the COI haplotypes to construct a phylogeny using Bayesian inference (BI), maximum likelihood (ML), and maximum parsimony (MP). The tree space for the COI data set was investigated through BIs using MrBayes 3.0b4 (Ronquist and Huelsenbeck 2003) . The best-fit substitution model was determined using the Akaike information criterion (AIC) (Akaike 1973) in MODELTEST (Posada and Crandall 1998) , which was used to resolve the tree topology for BI and ML, as this reduces the number of parameters which contribute little to describing the data by penalizing more complex models (Nylander et al. 2004) . For each Bayesian analysis, 10 Markov Chain Monte Carlo (MCMC) were run, with each chain started from a random tree and 5 million generations generated, sampling from the chain every 1000th tree. A 50% majority rule consensus tree was generated from the trees retained after the burn-in trees were discarded. Burin-in was determined using AWYT (Nylander et al. 2008) . The posterior probabilities (pP) for each node was estimated by the percentage of time the node was recovered. Posterior probabilities (pP) < 0.95 were regarded as poorly supported. For the ML analyses, heuristic searches using tree bisection reconnection (TBR) branch swapping with 100 random taxa additions were performed using PAUP*10b (Swofford 2002) . For the MP analysis, a heuristic search option was used to generate trees with TBR branch swapping, utilizing 1000 random taxon stepwise additions using PAUP*10b (Swofford 2002) . MP analyses were obtained from a bootstrap analysis of 1000 pseudoreplicates (Felsenstein 1985) and 100 pseudoreplicates for ML due to computational constraints. In this study, bootstrap values >75% were regarded as strong statistical support for a clade for both ML and MP analyses. Uncorrected sequence divergence (p distances) for the COI locus were calculated in PAUP*10b (Swofford 2002) .
Phylogeographic Analysis Derived From the COI Data
Arlequin version 3.5.1.2 (Excoffier and Lischer 2010) was used to analyze the population genetic structure using the COI mtDNA locus. We undertook a hierarchical analysis of the data by examining levels of genetic differentiation within the 2 large forest patches Grootvadersbosch and Marloth Nature Reserves. Within Grootvadersbosch, we examined the genetic differentiation among the 5 sample localities (GVB A-E), similarly, within Marloth the genetic differentiation among the 3 sample localities (Duiwelsbos, Koloniesbos, and Hermitage). An analysis of molecular variance (AMOVA) was performed to examine hierarchical genetic population structure by comparing samples across all 9 sample localities, and then specifically examining levels of genetic differentiation within the Grootvadersbosch and Marloth Nature Reserves. F ST values were calculated between the 2 large forest patches (Grootvadersbosch and Marloth) and among all 9 localities in order to determine population genetic structure. In addition, standard diversity indices were calculated, including haplotype diversity (h), the number of polymorphic sites (Np), the number of haplotypes (Nh), and nucleotide diversity (π n ) were calculated at each of the 9 sample localities. Deviations from neutrality in allele frequencies were elucidated using Fu's F S (Fu 1997) , which is sensitive to movements away from the population equilibrium. Fu's F S is considered to more sensitive than Tajima's D with a significant set at P < 0.02 (Fu 1997) . A Mantel test was also performed between the 3 main sample localities to test for isolation by distance using IBD v 1.1 (Bohonak 2002 ).
Divergence Time Estimation
The COI data set was used to infer divergence times between the P. overbergiensis haplotypes. A Bayesian framework was used to estimate divergence times, which defines molecular sequence divergence of lineages over time using a probabilistic model, utilizing the MCMC method to estimate clade ages. A relaxed molecular clock was used (Drummond et al. 2006) , and the analyses were run using the program BEAST version 1.5.1 (Drummond and Rambaut 2007) . The mutation rates of 1.5-2.3% per million years were used for the COI locus (Brower 1994; Farrell 2001; Trewick and Wallis 2001; Boyer et al. 2007) , with a mean mutation rate of 1.9% per million years . A multiple coalescent model was used for P. overbergiensis (Heled and Drummond 2010 ). The substitution model and parameters for the combined COI locus were determined using MODELTEST (Posada and Crandall 1998) . Ten million generations were run for 12 independent MCMC chains, with sampling performed every 1000 generations. After appropriate burn-in the convergence of the 12 combined chains were determined by EES for each parameter in TRACER (Rambaut 2013) . LOGCOMBINER was used to combine the trees which comprised of 12 chains, after which they were assessed using TREEANNOTATOR. A chronogram was constructed using FIGTREE version 1.2.3.1 (Rambaut 2009 ). Within Marloth Nature Reserve, the uncorrected "p-distance" was 2.66%, 1.25% within Grootvadersbosch and 0.15% within Koppie Alleen. The highest uncorrected distance of 3.29% occurred between Marloth and Grootvadersbosch, followed by 2.97% between Marloth and Koppie Alleen. The lowest uncorrected divergence of 2.82% occurred between Grootvadersbosch and Koppie Alleen.
Results
Phylogenetic Analyses Derived From the COI Data
Phylogeographic Analysis Derived from the COI Data
The haplotype network corresponds to the 4 geographic clades identified in the phylogenetic analyses (Figure 3 ). Clade A (Grootvadersbosch Nature Reserve) consists of 5 haplotypes, clade B (Marloth Nature Reserve 1) consists of 9 haplotypes, clade C (Marloth Nature Reserve 2) consists of 4 haplotypes whereas clade D (Koppie Alleen) consisted of 2 haplotypes. The 5 localities sampled within Grootvadersbosch (GVB A-GVB E) showed higher levels of relatedness, indicating the presence of maternal gene flow between the sample localities. Notably, within Grootvadersbosch no significant F ST value was detected. The latter results are corroborated by the low F ST values (F ST = −0.03742, P < 0.01, Va = −0.00882). Within Marloth Nature Reserve, the 3 sample localities (Duiwelsbos, Hermitage, and Koloniesbos) displayed the highest genetic differentiation, a result that is corroborated by the high F ST values (F ST = 0.02946, P < 0.01, Va = 0.12421) in comparison with Grootvadersbosch. The pairwise F ST values across the 3 main sample localities (Grootvadersbosch, Koppie Alleen, and Marloth) indicated significant population genetic structure and suggest the absence of maternal dispersal between these 3 forests ( Table 2 ). The latter result is corroborated by the absence of shared haplotypes between the 3 main nature reserves (Appendix 1).
The haplotype number (Nh), number of polymorphic sites (Np), haplotype diversity (h), nucleotide diversity (π n ), and Fu's F S for all of the 9 sampled localities are summarized in Table 3 . The highest nucleotide diversity (π n ) was found in the Hermitage locality, followed by the Koloniesbos and Duiwelsbos localities, respectively. The highest haplotype diversity (h) was retrieved from the Koloniesbos locality. Fu's F S values were both negative and positive, with negative values signifying an excess number of alleles, likely due to a recent population expansion or genetic hitchhiking, and positive values indicating a deficiency of alleles due to population bottlenecks or from overdominant selection (Fu 1997) . However, only 1 sample locality was statistically significant (P < 0.02) for Fu's F S , namely GVB D within the Grootvadersbosch Nature Reserve (Table 3 ). We observed isolation by distance between the 3 main forest sample localities (P < 0.05).
Phylogenetic Relationships Derived From 18S rRNA
A 700 base pair fragment of the 18S locus was sequenced. Sequences have been deposited in GenBank (accession numbers KP640364-KP640365). The 18S sequence data revealed 2 distinct haplotypes for the 13 specimens which were separated by 1 mutational step. Haplotype 1 consisted of the 5 Marloth Nature Reserve specimens as well as the 3 Koppie Alleen specimens, whereas haplotype 2 consisted exclusively of the 5 Grootvadersbosch Nature Reserve specimens. 
Divergence Time Analyses
Discussion
The phylogeographic patterning in P. overbergiensis revealed 4 statistically well-supported clades, with the more fragmented forest habitat at Marloth Nature Reserve revealing the highest degree of genetic differentiation. The latter result is surprising considering the largest continuous Afrotemperate forest, Grootvadersbosch Nature Reserve, harbored lower genetic variation. Marked genetic differentiation was observed using F ST between all 3 main sample localities indicating the absence of gene flow. Collectively, these results indicate that P. overbergiensis is genetically highly structured, comprising 3 genetically isolated populations. Our results contradict the hypothesis by Oliveira et al. (2012) , that speciation occurs at 10-30 km intervals among velvet worms.
Divergence Time and Biogeography
Cladogenesis within P. overbergiensis is dated to the late Pleistocene (0.0588 Mya), a period which was characterized by reduced sea levels (100-160 m below the current sea level) and increased aridity (Deacon 1983) . Our hypothesis that no recent maternal gene flow would have occurred between the 3 main forest localities was corroborated by the fact that the velvet worm populations from the separate sample localities were differentiated into 4 discrete clades, with high levels of genetic divergence (F ST ) between clades, indicating significant genetic structuring and confirming the impact of forest habitat fragmentation on this habitat specialist species (Mosblech et al. 2011) .
Biogeographically, Grootvadersbosch Nature Reserve (clade A) and Marloth Nature Reserve (clades B and C) are separated by a distance of 30 km (Figure 1 ). The absence of shared COI haplotypes revealed the absence of female-mediated gene flow between the 2 sample localities. The sample localities within clade A displayed low levels of haplotype (h < 0.53) and nucleotide (π n < 0.0013) diversity, characteristic of smaller or unstable populations (Grant and Bowen 1998; Fitzpatrick 2009 ). The GVB C locality within the Grootvadersbosch Nature Reserve displayed no haplotype or nucleotide diversity, as all 9 specimens sampled were identical, suggesting that we potentially sampled a genetically closely related group. The limited genetic diversity within Grootvadersbosch may be due to the high abundance of velvet worms, which results in widespread genetic homogeneity of the gene pool (Hamrick and Godt 1989; Frankham 1996) . Clades B and C occur sympatrically within the Marloth Nature Reserve, where 3 discrete forest patches were sampled. Forests at Marloth Nature Reserve is highly fragmented and displayed the highest levels of topographical heterogeneity, with forest patches restricted to the sheltered slopes of the middle and upper mountain ranges, in addition to being separated by grass fields, xeric corridors and alien vegetation (McDonald et al. 1996) . Consequently, the 3 sample localities within Marloth Nature Reserve displayed the highest haplotype (h > 0.73) and nucleotide (π n > 0.01) diversity, suggesting that these localities have harboured large, stable populations of velvet worms, or suggesting the rapid accumulation of genetic diversity among allopatric populations. At Marloth Nature Reserve, peripheral populations to the west along the Langeberg Mountains were not sampled, and these likely contain some additional haplotypes, that might be present within Marloth Nature Reserve thus helping to explain the higher level of genetic diversity. Koppie Alleen (clade D) represents a small, degraded habitat and harbored a small velvet worm population (haplotype diversity = 0.51; nucleotide diversity = 0.0008). In addition, the low genetic diversity observed within Koppie Alleen may be due to a founder event, where the locality was initially colonized by a small number of individuals with a limited gene pool (Gaston 1994; Frankham et al. 2002; Hobbs et al. 2013 ). Clade D is separated from both the Grootvadersbosch and Marloth Nature Reserves by the Rûens, a xeric low-lying corridor of more than 60 km where forest patches are absent (Scholms et al. 1983 ). This corridor serves as a barrier to gene flow, a result corroborated by the pairwise F ST values and the lack of shared haplotypes between Koppie Alleen, Grootvadersbosch, and Marloth Nature Reserves. During the Pleistocene/Holocene, climatic fluctuations resulted in increased aridity as well as repeated contractions of the forest biome in the Overberg. Linder (2003) argues that these climatic fluctuations were driven largely by marine retrogressions, during which reductions in sea levels resulted in a limited capacity to absorb solar radiation, causing a reduction in oceanic evaporation. This would decrease the level of inland precipitation, resulting in an increase in aridity (Theron 1983 ) and a concomitant reduction in forest cover. Additionally, forest habitat loss would have been exacerbated by fire (Brain and Sillen 1988) . These climatic oscillations would have resulted in the differential growth of vegetation and thus the production of islands of habitat, a process that would have lead to allopatric speciation across a range of genera (Tolley et al. 2006) . Furthermore, the sheltered slopes along the Langeberg Mountain range would have acted as refugia for the saproxylic organisms exposed to these environmental changes, including fire.
Evolutionary and Taxonomic Considerations
The results of this study reaffirm the monophyletic nature of P. overbergiensis. The levels of mtDNA sequence divergence for the COI locus between the 3 main localities ranged from 2.82% to 3.29%, values which were considerably lower than those found between sister species of velvet worms in similar studies, such as >7% ) and as high as 11.6% (Rockman et al. 2001) , although only slightly lower than those found by Hebert et al. (1991) at 3.3%. However, the result for P. overbergiensis was congruent for what has been reported for conspecific Opisthopatus roseus from the Ngeli forest where COI data revealed <3% uncorrected divergence (Daniels 2011) . Furthermore, the inclusion of the 18S rRNA marker revealed a single base pair difference between the 3 localities (Marloth Nature Reserve and Koppie Alleen consisting of haplotype 1 whereas all specimens from Grootvadersbosch Nature Reserve comprised haplotype 2). Notably, a fixed base pair differences in a ribosomal markers has been regarded as evidence for distinct species in other panarthropoda (Edgecombe and Giribet 2008) . However, we observed no gross morphological or SEM differences between specimens from the 4 clades (Daniels pers. obs). Therefore, while geographical barriers to dispersal have resulted in genetic differentiation between each locality, as evident from the phylogeographic patterning using the COI locus, the maximum levels of sequence divergence are not high enough to warrant considering P. overbergiensis as a species complex.
Conservation Implications
Saproxylic invertebrates have been identified as a highly threatened taxonomic group (Berg et al. 1994; Read 2000; Alexander 2004 ), largely due to recent changes in woodland and agricultural management (Speight 1989 ) and the removal of suitable habitat in the form of decaying wood (Hale et al. 1999; Grove 2001) . While habitat loss is generally correlated with a decrease in genetic diversity (Gibbs 2001) , habitat fragmentation has been shown to be as likely to retain genetic diversity as it is to reduce it (Fahrig 2003) . It is therefore imperative to determine the effect of habitat fragmentation on the genetic diversity of velvet worms in order to help guide conservation efforts of saproxylic fauna. In terrestrial environments, genetic diversity of endemic species with narrow habitat niches tends to be low, especially in small, isolated populations (Frankham 1996; Frankham 1997) . Consequently, we hypothesised that the larger, continuous habitat in the Grootvadersbosch Nature Reserve would harbor the highest levels of genetic diversity as it would be able to maintain greater population levels of P. overbergiensis. However, our findings demonstrate that this locality harbored low haplotype and nucleotide diversity, thereby refuting our initial hypothesis. Indeed, the highest levels of genetic diversity were instead found in the fragmented, discontinuous habitat represented by the Marloth Nature Reserve. This finding contradicts our initial expectations, although the answer to this observation may lie in the moderate geographical barriers to dispersal between each forest patch. The restricted gene flow between each forest patch would result in local adaptations within each habitat, leading to differences in the gene pools of each population (Hobbs et al. 2013) . Rare dispersal events between each forest fragment would allow for limited gene flow, thereby increasing the genetic diversity in each population (Hobbs et al. 2013 ). The low genetic diversity observed in the isolated forest patch at Koppie Alleen may be due not to the overall size of the habitat, but rather the fact that there are no nearby forest patches for velvet worms to act as additional source populations. Our initial hypothesis that the size of the forest patch would determine the level of genetic diversity of P. overbergiensis populations must therefore be amended, in that our findings show that haplotype and nucleotide diversity is dependent less on the overall size of the habitat than on the structural assemblage of the habitat. Indeed, previous studies have demonstrated that habitat fragmentation has been shown to increase or maintain genetic diversity through a number of means (Hastings 1977; Atkinson and Shorrocks 1981; den Boer 1981) . Accordingly, our results show that habitat fragmentation serves to increase the genetic diversity of velvet worms and that this effect should be taken into consideration when developing conservation management strategies for other saproxylic organisms. While this study has revealed useful information regarding the conservation of saproxylic taxa, it is not without its shortcomings. The mutation rate of the nuclear 18S rRNA marker used during this study was too low to provide any useful corroborative evidence for the patterns observed by the mitochondrial DNA marker used. Hence we suggest that future studies should utilize other nuclear markers with higher mutation rates, such as microsatellites or amplified length polymorphisms.
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